The genus Leuconostoc includes Gram-positive, facultatively anaerobic, intrinsically vancomycin-resistant, catalasenegative, spherical, heterofermentative and mostly dextranproducing lactic acid bacteria with relatively low DNA G+C contents (37.5-38.5 mol%), which have been isolated from plant materials, dairy products, meats and fermented vegetables [1] [2] [3] [4] [5] . At the time of writing, the genus Leuconostoc contains 19 species or subspecies with validly published names. Among them, the species Leuconostoc mesenteroides consisting of four subspecies, L. mesenteroides subsp. mesenteroides, L. mesenteroides subsp. cremoris, L. mesenteroides subsp. dextranicum and L. mesenteroides subsp. suionicum, has been known to play important roles in production of various fermented foods such as kimchi (a traditional Korean food), sauerkraut (pickled cabbage) and cheese [4, [6] [7] [8] . Recently, the use of L. mesenteroides has been considered as a starter culture for the production of commercial kimchi in Korea [9] .
Currently, the 16S rRNA gene sequence has been most widely used as a phylogenetic marker for bacterial identification and classification, but it has many limitations for distinguishing species or subspecies with high 16S rRNA gene sequence similarities, such as is the case for lactic acid bacteria. Recently, as whole bacterial genomes been readily sequenced with the development of high-throughput low-cost sequencing technologies, whole-genome-based taxonomic approaches have been generally used for taxonomic classification with higher resolution and accuracy in comparison with the previous traditional approaches [10] [11] [12] . In this study, strains of the four subspecies of L.
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T were phylogenetically analyzed using complete-genome-based taxonomic approaches including average nucleotide identity (ANI), in silico DNA-DNA hybridization (DDH) and core-genomebased relatedness. Here, we report that DRC1506
T represents a novel subspecies within the species L. mesenteroides. In addition, L. mesenteroides subsp. suionicum is also reclassified as a novel species of the genus Leuconostoc, Leuconostoc suionicum. sp. nov.
The whole genomes of DRC1506
T , used as a starter culture for the production of commercial kimchi, jonggajibkimchi, by Daesang (Korea), and strain DSM 20241 T , the type strain of L. mesenteroides subsp. suionicum, were completely sequenced using a combination of a PacBio RS singlemolecule real-time (SMRT) platform and an Illumina Hiseq 2500 sequencing platform at Macrogen (Seoul, Korea), according to the procedure described previously [13] . The completely sequenced chromosomes and plasmids of DRC1506
T and DSM 20241 T were deposited with the NCBI under the GenBank accession numbers CP014611-15 and CP015247-48, respectively. The 16S rRNA gene sequences of DRC1506
T and DSM 20241 T obtained from the sequenced genomes were aligned with those of closely related type strains using the fast secondary-structure-aware Infernal aligner available in Ribosomal Database Project (RDP) [14] . Phylogenetic trees were inferred under the neighbour-joining (NJ) algorithm with the Kimura twoparameter model [15] and the maximum-parsimony (MP) algorithm, using the DNADIST and DNAPARS programs within the PHYLIP software (version 3.695, [16] ), respectively, and their tree topologies were evaluated through bootstrap analyses using a 1000-resampled dataset. A maximumlikelihood (ML) analysis with bootstrap values was conducted using RAxML-HPC BlackBox (version 8.2.4) with a GTRCAT model of evolution through the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www. phylo.org; [17] phylogenetic lineages (data not shown). The 16S rRNA gene sequence similarities among four subspecies of L. mesenteroides and DRC1506
T were also very high (>99.72 %), meaning that the four subspecies of L. mesenteroides and DRC1506 T were not differentiated by their 16S rRNA gene sequences.
The pair-wise average nucleotide identity (ANI) values among DRC1506
T and DSM 20241 T and closely related type strains based on their whole genomes, including chromosome and plasmids, were calculated using a stand-alone software (http://www.ezbiocloud.net/sw/oat, [18] ), with the following recommended parameters: minimum length, 700 bp; minimum identity, 70 %; minimum alignment, 50 %; BLAST window size, 1000 bp; and step size, 200 bp. In silico DNA-DNA hybridization (DDH) values among DRC1506 T and DSM 20241
T and closely related type strains were estimated using the server-based genome-to-genome distance calculator version 2.1 (http://ggdc.dsmz.de/distcalc2.php) [19] , with BLAST+ for genome alignments [20] . Core genes from the whole genomes of DRC1506
T , type strains of subspecies of L. mesenteroides and L. pseudomesenteroides KCTC 3652
T were extracted using the USEARCH program (ver. 9.0) with a 90 % sequence identity cut-off within BPGA [21] and their concatenated amino acid sequences were aligned using the MUSCLE program (version 3.8.31; [22] ). A core-genome-based phylogenetic tree with bootstrap values (1000 replicates) was reconstructed with a maximum likelihood (ML) algorithm using the MEGA software (ver. 7; [23] ).
As the ANI cut-off value, compared with the 70 % DDH threshold for prokaryotic species delineation, has been suggested to be approximately 95-96 % [24, 25] , ANI values based on the whole genomes among DRC1506
T , and the type strains of subspecies of L. mesenteroides and of L. pseudomesenteroides were calculated ( T were equal to or lower than 56.9 % (Table 1) , which were clearly lower than 70 %, the threshold for prokaryotic species delineation [26] . Previous studies [27, 28] have reported that L. mesenteroides subsp. suionicum shared 79-91 % DDH values with L. mesenteroides subsp. mesenteroides, indicating that they are probably same species. However, because DDH results in a laboratory can vary depending on hybridization conditions, it is certain that ANI and in silico DDH results based on whole-genome sequences are more reliable and objective than DDH results obtained from a laboratory experiment. Therefore, the ANI and in silico DDH results in this study more clearly support the hypothesis that L. mesenteroides subsp. suionicum DSM 20241
T represents a novel species of the genus Leuconostoc, not a subspecies of the species L. mesenteroides. The in silico DDH values among the three subspecies of L. mesenteroides other than L. mesenteroides subsp. suionicum were 90.9-91.9 %, which were similar to the in silico DDH values between DRC1506
T and the three subspecies of L. mesenteroides other than L. mesenteroides subsp. suionicum, which also indicates that DRC1506
T could represent a subspecies of the species L. mesenteroides. The phylogenetic tree based on 478 core genes indicated that DRC1506
T formed a distinct phylogenetic lineage within the species L. mesenteroides, while L. mesenteroides subsp. suionicum DSM 20241 T was clearly separate from other subspecies of L. mesenteroides and from DRC1506 T (Fig. 2) .
The phylogenetic characteristics, including ANI and in silico DDH values and core-genome-based phylogenetic relatedness, indicated that DRC1506 T could represent a novel subspecies within the genus Leuconostoc and that L. mesenteroides subsp. suionicum could be reclassified as representing a novel species of the genus Leuconostoc. Therefore, various phenotypic and biochemical analyses were performed for the taxonomic characterization of DRC1506 T were used as reference strains for 
Growth of DRC1506
T and reference strains was tested on MRS agar (BD) at different temperatures (4, 10, 15, 20, 25, 30, 37, 40 and 45 C) and in MRS broth at different pH values (3.0-10.0 at 0.5 pH-unit intervals) for 3 days. MRS broth at pH 3.0-6.0, pH 6.0-8.0 and pH 8.0-10.0 was prepared using citric acid/sodium citrate, Na 2 HPO 4 /NaH 2 PO 4 and Tris-HCl buffers, respectively. The pH values were checked again after sterilization (121 C for 15 min) and adjusted if necessary. Tolerance of NaCl was determined in MRS broth supplemented with 0-10 % (w/v, 1.0 % intervals) NaCl for 3 days at 30 C. Oxidase activity was tested by oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution [29] . Gas production from glucose was determined with a Durham tube in MRS broth. Gram staining was performed using the bioM erieux Gram stain kit according to the manufacturer's instructions. Cell morphology, motility and the presence of flagella were studied using phase-contrast microscopy (Axio Lab.A1, Carl Zeiss) and transmission electron microscopy (JEM-1010, JEOL) with two-day-old cells grown on MRS agar. Anaerobic growth was assessed on MRS agar plates under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL). The production of D,L-lactic acid isomers from glucose by DRC1506 T in MRS broth was determined with a D,L-lactic acid enzyme test kit (R-Biopharm), according to the manufacturer's protocol. The production of dextran from sucrose by DRC1506
T and the reference strains was investigated on MRS agar supplemented with 5 % sucrose instead of glucose [30] . Carbohydrate fermentation profiles of DRC1506 T and the reference strains were determined by using the API 50 CHL system (bioM erieux), according to the manufacturer¢s instructions.
When tested on MRS agar, the growth of DRC1506
T was observed at temperatures between 10 and 40 C, with an optimum growth temperature of [30] [31] [32] [33] [34] [35] [36] [37] C, but no growth was observed at 4
C and 45 C. The pH range for growth was 4.0-9.0, with an optimum growth pH of 6.5-7.0. Bacterial cells were Gram-stain-positive and facultatively anaerobic cocci that occurred in singly or groups with a size of 0.6-1.0 µm (Fig. S1 , available in the online Supplementary Material). Phenotypic features of DRC1506 T are presented in Table 2 and in the description of the novel subspecies. Some of them are in accordance with characteristics of members of the species L. mesenteroides, whereas others allow the differentiation of DRC1506
T from closely related subspecies of L. mesenteroides ( Table 2 ).
The DNA G+C contents of DRC1506
T and the reference strains were obtained from their complete genomes. DRC1506
T and the reference strains were cultivated in MRS broth at 30 C and their microbial cells were harvested at the same growth stage (exponential phase, OD 600 =0.8).
The cellular fatty acids of the microbial cells were saponified, methylated and extracted using the standard MIDI protocol. The fatty acid methyl esters were analyzed by a gas chromatography (model 6890, Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sherlock version 6.0B [31] ). The preparation and analysis of peptidoglycan from DRC1506 T were performed, according to the procedure described by Schumann [32] .
The DNA G+C content of DRC1506 T was 37.72 mol%, which was within the ranges of other subspecies of L. mesenteroides ( Table 2 ). The major cellular fatty acids (>10 % of the total fatty acids) of DRC1506 T were C 16 : 0 (33.1 %), C 18 : 1 !9c (14.7 %), C 19 : 0 cyclo !8c (13.6 %) and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c, 12.3 %). The overall fatty acid profile of DRC1506
T was similar to those of subspecies of L. mesenteroides, but there were some differences in the respective proportions of some fatty acid components (Table S1 ). The total hydrolysate of DRC1506 T (4 M HCl, 100 C, 16 h) contained the amino acids alanine, glutamic acid and lysine, while the analysis of partial hydrolysates (4 M HCl, 100 C, 45 min) revealed the presence of the peptidoglycan type A3a (L-Lys-L-Ser-L-Ala 2 ), corresponding to type A11.20 (www.peptidoglycan-types.info). In conclusion, on the basis of the physiological, biochemical and phylogenetic properties described above, DRC1506
T represents a novel subspecies within the species Leuconostoc mesenteroides, for which the name Leuconostoc mesenteroides subsp. jonggajibkimchii nov. is proposed. In addition, we also propose that L. mesenteroides subsp. suionicum should be reclassified as Leuconostoc suionicum. sp. nov. The type strain is DRC1506 T (=KCCM 43249 T =JCM 31787 T ), which was isolated from jonggajibkimchi produced by Daesang in Korea. The DNA G+C content of the type strain is 37.72 mol%.
DESCRIPTION OF

DESCRIPTION OF LEUCONOSTOC SUIONICUM SP. NOV.
Leuconostoc suionicum (su.i.o¢ni.cum. L. n. Suioni according to Tacitus, the people who live in Scandinavia; L. neut. [4] . All strains are coccus and positive for the following characteristics: Gram-staining, gas and acid production* from D-glucose, N-acetylglucosamine, arbutin, melibiose, sucrose and turanoe. All strains are negative for the following characteristics: catalase, motility, acid production* from glycerol, erythritol, 
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